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Abstract 

MAXIMA is a balloon-borne platform for measuring the anisotropy of the Cosmic 
Microwave Background (CMB). It has measured the CMB power spectrum with a 
ten-arcminute FWHM beam, corresponding to a detection of the power spectrum 
out to spherical harmonic multipole I ~ 1000. The spectrum is consistent with 
a flat Universe with a nearly scale-invariant initial spectrum of adiabatic density 
fluctuations. Moreover, the MAXIMA data are free from any notable non-Gaussian 
contamination and from foreground dust emission. In the same region, the WMAP 
experiment observes the same structure as that observed by MAXIMA, as evinced 
by analysis of both maps and power spectra. The next step in the evolution of the 
MAXIMA program is MAXIPOL, which will observe the polarization of the CMB 
with comparable resolution and high sensitivity over a small patch of the sky. 



1 Introduction 



In 2000, MAXIMA - I faananv et all l2000h [along with BOOMERANG-98 



f de Bernardis et al. . 2000j ). with which it shares considerable personnel and 
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technology] was one of the first CMB experiments to detect anisotropy over 
a range of angular scales from several degrees down to a resolution of ten ar- 
cminutes. The pattern of temperature anisotropy, with a characteristic scale of 
roughly one degree, was as expected from a flat Universe with a nearly scale- 
invariant initial power spectrum of adiabatic perturbations, as p redicted by, 



for ex ample, Inflation. This was confirmed in a combined analysis flJaffe et al. 



200 lj) and by comparison with the many other experiments that have followed 



including the recent results from WMAP (see other contributions to this vol- 
ume). 

In this Proceedings, we will give an overview of the MAXIMA experimental 
program, report on results to date from MAXIMA, including cosmological 
results from the analysis of primary anisotropy as well as efforts to detect 
departures from a Gaussian distribution and contributions from foreground 
emission. We will discuss comparisons with results from the WMAP experi- 
ment, and ongoing plans to use MAXIMA as a CMB polarimeter: MAXIPOL. 

The MAXIMA program has so far resulted in ten letters and journal papers 
published by the team, several works in progress, many conference proceed- 
ings, and three Ph.D. theses (with more coming), in addition to the many 
works by other authors using the results. These publications contain far more 
information than can be reproduced here. 



2 MAXIMA: Hardware and Strategy 



MAXIMA is a balloon-borne platform carrying a focal plane of spider-web 
bolometers cooled to 100 mK. It observes the CMB at 150, 240 and 410 GHz 
with a resolution of better than ten arcminutes at all frequencies. The tele- 
scope is an off-axis Gregorian mount with a 1.3 meter primary mirror. The 
bolometers have a Noise-Equivalent Temperature (NET) of 80-90^Ky / sec at 
150 GHz. 

MAXIMA flew on August 2, 1998. The scan strategy was designed to revisit 
the same area of sky over a wide variety of timescales to allow for a robust 
investigation of possible systematic errors as well as reduction of the effects of 
"1/f noise" . The primary mirror chops at 0.45 Hz over about ±2° in azimuth at 
fixed elevation. The gondola simultaneously scans in azimuth at 0.02 Hz over 
an angular scale designed to result in a roughly 10° x 10° patch of sky. The ele- 
vation of the detector was shifted in mid-flight to cover the same area. During 
the same flight, observations of Jupiter and the CMB dipole were carried out 
for calibration and beam mapping (Jupiter only). The approximately three 
hours spent observing a field of approximately 120 square degrees resulted in 
a noise per beam of tens of /xK. 
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3 Primary CMB Anisotropy: Maps, Power Spectra and Cosmolog- 
ical Parameters 



The primary scient ific results from MAXIMA are in th e form of CMB maps 
and power spectra ( Ha nanv et all . 1200(1 iLee et al"ll200l[ ). They were produced 
by the MADCAP flBorrilillQQQfT nro gram implementing a Bayesian /maximum 



likelihood CMB data analysis algorithm ((Bond et all Il998l . 120001) 




Fig. 1. Map of the MAXIMA-1 field. The temperature in /iK is given by the colorbar 
to the right. The central square was used for subsequent analysis. 

This power spectrum was then used to estimate the cosmological parame- 
ters within the paradigm of big-bang models with adiabatic initial conditions 
described by a nearly power-law spectrum of primordial perturbations (i.e., so- 
called inflationary models). The data prefer a flat Universe (f2 tot — 0.9 ±0.2 at 
95% confidence) with a nearly scale-invariant spectrum of initial density fluc- 
tuations (n s ~ 1.08tgj2) and a baryon density as determined from big-bang 
nucleosynthesis (Qf,h 2 ~ 0.33 ± 0.13). These are all consistent with expecta- 
tions from the inflationary paradigm and with determinatio ns of the parame- 



ters from other ground- and balloon-based expe riments fe.g.. lHalverson et al. 



20021 : IPearson et al.Ll20oilCrainge et al .1 . 120021 ) and from the WMAP satellite 
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Fig. 2. CMB Power spectrum from MAXIMA- 1, from lLee et"aH (|200lh . The filled 
circles give t he maximum-likeli hood solution and errorbars (decorrelated using the 
technique of Bond et al. (|l998h ): the crosses and errorbars give an estimate of the 
power spectrum from two independent maps given b y different combinatio ns of 
MAXIMA detectors. The curve is a best-fit model from Stomp or et al. ( 200ll ). 



(jSpergel et all EfflO^ 



In addition to the work by the MAXIMA team itself, th ese data have also 



been used to test the details of quintessence or dark energy (IBalbi al 
and Big-Bang nucleosynthesis (jEsposito et al 



2001; Cvburt et al 



200j 



as 



well as more exotic models with massive neutrinos, nontrivial topology, extra 
dimensions, isocurvature fluctuations, topological defects, etc. There remains 
no compelling evidence from these data for anything beyond the "standard 
cosmology" discussed above. 
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4 Foregrounds &: Non-Gaussianity 



Thus far, no departure from Gaussianity have been detected at a level that is 
signficant or would affect these results. Indeed, in the main analysis described 
in the previous section, we assume that the data are as simple as possible: 
uncontaminated by foreground emission and with both signal and noise well- 
described by Gaussian statistics. These assumptions can be tested and any 
departures from them can be quantified. 



The question of non- Gaussianity is discusse d elsewhe r e in t hese Proceedings 
(Heavens 2003) as well as in greater detail in lWu et al. I(l200lh. which considers 
82 (not independent) pixel-based tests, and in lSantos et al. [ pool 1200.^ . which 
calculate the cosmological bispectrum (3-point function in harmonic space). 
Thus far, no significant departures from Gaussianity have been detected. 



The MAXIMA field was chosen to be well off of the Ga lactic plane and i n 



a region of particularly low dust contrast. Nonetheless, in lJaffe et al. (2003). 
we show that there is a small amount of emission correlated with the pat- 
tern of dust morphology. The amplitude of the correlated emission is barely 
detectable, but as expected from extrapolations of the dust spectrum down 
to the 150-400 GHz observed by MAXIMA. This emission has no significant 
effect on the power spectrum or cosmological parameters. 



5 MAXIMA and WMAP 



In February, 2003, data from the WMAP satellite became available, provid- 
ing a benchmark against which the last few years' ground- and balloon-based 
CMB results can be tested, down to WMAP's resolution of 13 arcminutes. 
We will provide a full comparison of the MAXIMA data with that from the 
WMAP satellite in Abroe et al (forthcoming). Here, we concentrate on the 
comparison of publicly-available data from both teams. In Figure 3 we com- 
pare power spectra. As is evident from this figure, the field probed by the 
MAXIMA data shows structure with the same statistical properties as, and 
with higher resolution than, the all-sky WMAP data. This comparison is borne 
out by a side by side visual comparison of the maps of the MAXIMA region 
(Figure 4), and with a more detailed comparison of the overlapping portion 
of the two datasets as well as MAXIMA data from other campaigns (Abroe 
et al, forthcoming). 
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Fig. 3. MAXIM A-1 and WMAP p ower spectra. The filled green circles are the MAX- 

(2001); the error bars without symbols are the WMAP 



IMA data from lLee et al 



data, rebinned to the same is as MAXIMA, weighted by the inverse variance. The 
solid curve is the best fit from the WMAP team. 



6 MAXIPOL 



The next step in the evolution of the MAXIMA program is MAXIPOL. It 
consists of the MAXIMA hardware with additions to make it sensitive to the 
polarization of the CMB. A wire grid is placed in front of the detector horns, 
and a half- wave plate is rotated at 2 Hz in front (see Figure 5). This means 
that a single detector can observe polarization states rotated around a full 
180° on timescales much shorter than the drift in detector gain, and adding 
another timescale over which we can monitor for systematic effects. 

MAXIPOL should have a polarization sensitivity (in Cf) comparable to that 
of WMAP and other recent experiments. It achieves this by combining the 
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Fig. 4. MAXIMA (left) and WMAP (right) maps of the MAXIMA-1 region. Both 
maps have been Wiener filtered and smoothed for presentations. Note that the 
MAXIMA map has a resolution of about 10 arcminutes, the WMAP map about 13 
arcminutes. 



Bolometer 




Band Pass Filters 

Fig. 5. Diagram of the MAXIPOL polarizer, feed horn and bolometer. 

high-resolution MAXIMA optics and the cooled MAXIMA bolometers with a 
very deep "exposure" of a small area of sky (a few square degrees). 

The MAXIPOL team is happy to report that on 24 May, 2003, just prior to the 
submission of these proceedings, the MAXIPOL instrument was successfully 
launched for a twenty-five hour flight from Fort Sumner, New Mexico. 



7 Conclusions 



The MAXIMA program has measured the temperature anisotropy of the Cos- 
mic Microwave Background over angular scales from ten degrees to ten arcmin- 
utes, and over a factor of several in frequency. It has used these measurements 
to determine the CMB power spectrum and the parameters of the cosmolog- 
ical. It will soon be able to detect the polarization of the CMB, which will 
allow a strong check on the underlying cosmological paradigm as well as the 
determination of the parameters to higher precision. Similar technology will 
be used in the forthcoming Planck satellite mission as well as future ground- 
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and balloon-based detectors. 
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